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METHOD AND APPARATUS FOR EXPANDING A LINER PATCH 

This invention relates to a straddle, and in 
particular a straddle for use in selectively isolating a 
section of tubing. The invention also relates to a method 
of isolating a section of tubing. 

in the oil and gas exploration and production 
industries, subsurface hydrocarbon-bearing formations are 
accessed via casing-lined wellbores. The lower section of 
a bore, which intersects the hydrocarbon-bearing formation, 
is typically lined with perforated "liner", oil and gas 
flowing into the bore through the perforations. The 
location of the perforations is predetermined on the basis 
of surveys, to ensure that only selected formations are in 
fluid communication with the boie. Over the life of a well 
it may occur, that the properties of particular formations 
change, for example the pressure in a formation may fall, 
or a formation may begin to produce an unacceptably high 
volume of water, m these circumstances it is known to run 
straddles into the liner, these straddles being sections of 
tubing with sealing arrangements at either end. A straddle 
may be located within the section of liner intersecting the 
problem formation, and the seals then set to isolate the 
section of liner between the seals. However, existing 
straddles are problematic to set, and the requirement to 
accommodate the seals and a seal setting mechanism result . 
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in a significant loss in bore cross section, which reduces 
the production capacity of the well and also makes it more 
difficult to access the section of well beyond the 
straddle. 

5 It is among the objectives of embodiments of the 

present invention to provide an improved straddle which 
obviates or mitigates these difficulties. 

According to the present invention there is provided 
a method of isolating a section of downhole tubing, the 
10 method comprising: 

running a length of expandable tubing into a tubing- 
lined borehole and positioning the expandable tubing across 
a section of tubing to be isolated; and 

deforming the expandable tubing by increasing the 
15 diameter of at least portions thereof to sealingly engage 
the tubing and to isolate said section. 

According to another aspect of the present invention 
there is provided apparatus for use in isolating a section 
of tubing-lined borehole, the apparatus comprising: a 
length of expandable tubing; and an expander device 
including a radially extendable member for deforming at 
least portions of the expandable tubing to increase the 
diameter of said portions to sealingly engage a section of 
tubing to be isolated. 
25 Preferably, the expandable tubing is deformed by 

compressive plastic deformation or yield of the tubing and 
a localised reduction in tubing wall thickness with a 
subsequent increase in tubing diameter. Conveniently this 
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is achieved by rolling expansion, that is the expander 
device is rotated within the expandable tubing with an 
expander .enU.er in rolling contact with an inner face of 
the expandable tubing. 

The deformation of the expandable tubing preferably 
creates an annular extension. This, annular extension may 
extend over all or a substantial portion of the expandable 
tubing, or may be restricted to a selected portions of the 
expandable tubing on either side of the section of tubing 
to be isolated. The fom^er arrangement will be more 
secure, but would be more difficult to remove from the 
tubing. 

The tubing lining the bore may be casing or liner, or 
may be secondary tubing, such as production tubing itself 
positioned within a section of casing or liner. 

The expandable tubing may include relatively ductile 
portions corresponding to the portions of the tubing to be 
expanded. These portions may be welded or otherwise 
secured to portions of less ductile tubing. 

The expandable tubing is preferably initially 
cylindrical. 

Preferably, the expander device comprises a body 
carrying a plurality of expander roller members. Most 
preferably, a plurality of the expander members are 
radially extendable. Preferably, the expander members are 
fluid activated, for example the members may be operatively 
associated with a piston. m one embodiment, the members 
may be mounted on respective radially movable pistons and 
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in other en^i^ents the .embers .ay have tapered ends for 
engaging cones or wedges coupled to an axially movable 
piston. 

The expandable tubing .ay carry seal bands on an outer 
5 surface thereof. The seal bands .ay comprise at least one 
Of an elasto.eric seal and a band of relatively ductile 
metal, such as copper or a tin/lead alloy. 

The expandable tubing may carry grip bands on an outer 
surface thereof. The grip bands .ay comprise relatively 
10 hard elements, such as balls, chips or grains, held in a 
matrix, whereby the elements bite into the relatively soft 
material of the tubing and the expandable tubing on 
deformation of the expandable tubing. i„ other embodiments 
the relatively hard elements may be in a form other than 
15 bands . 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figures l and 2 are schematic sectional views of a 
20 straddle setting operation in accordance with an embodiment 

of an aspect of the present invention; and 

Figure 3 is a schematic sectional view of a straddle 
in accordance with another embodiment of the present 
invention. 

25 Reference is first made to Figure l of the drawings, 

which illustrates a straddle lo in accordance with an 
embodiment of the present invention located in a section of 
a drilled bore 12 lined with perforated steel liner 14 . 
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The straddle xo h.s been r„„ i„tc the bore 12 „<, ^ 
utUised to isoUte a section of the bore xz. i„ particular 
a particular formation 16 which is in fluid communication 
with the bore via perforations la m . section of the liner 
14. 

The straddle lo comprises a section of expandable 
tubing 20 carrying seal bands 22 of relatively ductile 
-tal at each end. and also grip bands 23 co^rising s^all 
elements of relatively hard material in a relatively 
ductile .atrix. The tubing 20 defines a solid wall and is 
Of Slightly smaller outside diameter than the li„er 14 
initially, the tubing 20 is of substantially constant 
dxameter along its length. The ends of the tubing 20a. 20b 
and formed of relatively ductile metal and are welded to a 
central tubing section 20c. 

The straddle is run into the bore 12 on a tool string 
26. and is mounted to the string 26 via an expander device 
28 mounted to the lower end of the string 26. The expander 
device 28 comprises a body 30 carrying three radially 
movable rollers 32. The body 30 also contains an axially 
movable piston which is coupled to a loading cone which 
cooperates with the tapered ends of the rollers 32. 
Application of elevated fluid pressure, via the tool string 
26. thus urges the rollers 32 radially outwardly. shear 
pins 34 couple the straddle 10 to the expander body 30. 

in use. the straddle is run into the bore 12 on the 
tool string 26 and positioned across the group of 
perforations 18 to be closed off from the bore. Pressure 
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is then applied to the expander 28 to activate the rollers 
32; an initial application of elevated pressure causes the 
rollers 32 to extend radially, and deforms the tubing 20, 
towards a triangular form, such that the areas of tubing 20 
adjacent the rollers 32 are pushed into contact with the 
inner surface of the liner 14. This initial contact is 
sufficient to prevent relative rotation between the 
straddle 10 and the liner 14. such that when the string 26 
and the expander 28 are rotated from surface the straddle 
10 is held relative to the liner 14 and the pins 34 shear. 
The expander 28 then rotates within the straddle lo with 
the rollers 32 in rolling contact with the inner wall of 
the tubing 20. The rollers 32 are urged outwardly and 
progressively compress the tubing wall to create a 
localised reduction in wall thickness, and a corresponding 
increase in wall diameter. There is thus created a annular 
section of increased tubing diameter 36 at the tubing end 
section 20a, as shown in Figure 2. which provides an 
interference fit with the surrounding liner X4, the sealing 
bands 22 being deformed to form a fluid- tight seal between 
the expanded tubing 36 and the liner 14. The hard material 
in the grip bands 23 also assists in keying the tubing 
section 36 to the liner 14. There may be a degree of 
elastic and even plastic deformation of the liner 14, which 
will serve to provide a more secure location for the 
straddle 10. 

Following creation of the annular extension 36, the 
pressure in the tool string 26 is reduced such that the 



wo omnea pct/gb99/04247 

7 

rollers 32 may retract. The expander 28 is then advanced 
towards the lower end of the straddle lo, and engages a 
stop 38 provided on the lower end of the tubing 20. The 
pressure in the tool string is then increased once more to 
5 actuate the rollers 32, and the expander 28 is rotated to 

create a second annular section of increased diameter 40. 

The expander 28 may then be deactivated and retrieved 
from the bore, leaving the straddle 10 locked in place in 
the bore, and serving to isolate the formation 16 from the 
10 bore. 

To remove the straddle 10, the locking and sealing 
sections 36, 40 are milled out, and the remaining section 
of tubing then removed. 

In other embodiments, the increased diameter sections 
15 36,40 may be formed simultaneously, by provision of two 

expanders located one at either end of the straddle. 

Reference is now made to Figure 3 of the drawings, 
which illustrates a permanent straddle 50 in accordance 
with another embodiment of the invention locked and sealed 
20 in a bore 52. The straddle 50 is located in a 

substantially similar manner to the straddle 10 described 
above, however the straddle tubing 54 has been deformed 
along its whole length, such that there is a much larger 
area of contact between the tubing 54 and the surrounding 
25 liner 56, and a smaller loss in cross-section in the liner 
56 from the provision of the straddle 50. 

Those of skill in the art will recognise that the 
above described embodiments of the present invention 
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provide straddles which are relatively si.ple in 
construction and installation and which avoid many of the 
problems associated with prior art straddles featuring 
slips and energisable elastomer seals. 

Those of skill in the art will also recognise that the 
embodiments described herein are merely exemplary and that 
various modifications and improvements may be made thereto 
Without departing from the scope of the present invention. 
For example, the above described embodiments are shown 
isolating sections of formation from a bore lined with 
perforated liner. m other embodiments, the straddle may 
be utilised to repair damaged tubing, including risers, 
casing, liner or production tubing. The straddle may be 
run in^ on any suitable form of tool string, including 
reeled supports such as coiled tubing, when the straddle 
will be provided in combination with a downhole motor for 
rotating the expander 28. 
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1. A method of isolating a section of downhole tubing, 
the method comprising: 

running a length of expandable tubing into a tubing- 
lined borehole and positioning the expandable tubing across 
a section of tubing to be isolated; and 

deforming at least portions of the expandable tubing 
to increase the diameter of said portions to sealingly 
engage the tubing and to isolate said section. 

2. The method of claitn l, wherein the expandable tubing 
is deforced at least in part by compressive plastic 
deformation creating a localised reduction in tubing wall 
thickness with a subsequent increase in tubing diameter. 



3. The method of claim 2, wherein the deformation is 
achieved by rolling expansion, that is an expander device 
is rotated within the expandable tubing with an expander 
member in rolling contact with an inner face of the 
expandable tubing . 



4. The method of any of the preceding claims, wherein the 
deformation of the expandable tubing creates an annular 
extension. 

5. The method of claim 4. wherein the annular extension 
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extends over a substantial portion of the expandable 
tubing . 



6. The method of claim 5, wherein the annular extension 
extends over selected portions of the expandable tubing on 
either side of the section of tubing to be isolated. 

7. The method of any of the preceding claims, wherein the 
expandable tubing includes relatively ductile portions 
corresponding to the portions of the tubing to be expanded. 

8. The method of any of the preceding claims, wherein the 
expandable tubing is initially cylindrical. 

9. The method of any of the preceding claims, wherein the 
expandable tubing is deformed by means of an expander 
device comprising a body carrying a plurality of expander 
roller members. 

10. The method of claim 9, wherein a plurality of the 
expander members are radially extendable and the expander 
device is rotated to deform the expandable tubing. 

11. The method of any of the preceding claims, wherein 
seal bands are provided on an outer face of the expandable 
tubing and are compressed between the deformed portions of 
the expandable tubing and the surrounding tubing. 
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13. The „ethod Of .„y ^^^^^^ 
gr^P bands comprising relatively hard elemencs .re provided 
on an outer face of the expandable tubing and engage 
between the deforced portions of the e:cpandabl, tubing and 
the surrounding tubing. 

13. Apparatus for use in isolating a section of tubing- 
lined borehole, the apparatus comprising: a length of 
expandable tubing; and an expander device including a 
radially extendable expander member for deforming at least 
portions Of the expandable tubing to increase the diameter 
of said portions to sealingly engage a section of tubing to 
be isolated. 

14 . The apparatus of claim 13, wherein the expander member 
is rotatably mounted and the expander device is adapted to 
be rotatable within the expandable tubing with the expander 
member in rolling contact with an inner face of the 
expandable tubing, 

15. The apparatus of claims 13 or 14, wherein the 
expandable tubing includes relatively ductile portions 
corresponding to the portions of the tubing to be expanded. 

16. The apparatus of claim 13. 14 or 15. wherein the 
expandable tubing is cylindrical. 

17. The apparatus of any of claims 13 to 16. wherein the 
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expander device comprises a body carrying a plurality of 
expander members in the form of rollers. 

18. The apparatus of any of claims 13 to 17, wherein a 
Plurality of the expander members are radially extendable. 

5 19. The apparatus of claim 18, wherein the expander 
members are fluid activated. 

20. The apparatus of any of claims 13 to 19, wherein the 
expandable tubing carries seal bands on an outer surface 
thereof . 
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21. The apparatus of any of claims 13 to 20, wherein the 
expandable tubing carries grip bands on an outer surface 
thereof . 



22 



The apparatus of claim 21. wherein the grip bands 
comprise relatively hard elements held in a matrix, whereby 
the elements bite into the relatively soft material of the 
tubing and the expandable tubing on deformation of the 
expandadsle tubing. 



wo 00/37768 



PCT/GB99/04247 




S^'BSTmjTE SHEET (RULE 26) 



PCT/CB99/04247 



2/2 




Fig. 3 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



IM lleiul AppHcMlon No 

PCT/GB 99/04247- 



[aFCUS SEARCHED ~ ~" 



»• mckiiM^ in nw fWds iMKtiM 



prac&cai. SMrch Mrms uMd) 



g OOCUMEKTS CONSlDEReD TO BE REt^AMT 



I Catagofy 



^.^5 014 779 A (MELING KONSTANTIN V 
AL) 14 May 1991 (1991-05-14) 
column 4, line 12-28; figure 2 

US 3 785 193 A (KINLErM ET AL) 
15 January 1974 (1974-01-15) 
abstract; figures 1-3 



US 2 627 891 A (P.B. CLARK) 
10 February 1953 (1953-02-10) 
figure 1 

US 2 214 226 A (A. ENGLISH) 
10 September 1940 (1940-09-10) 
figure 5 



ET 



-/- 



pC] P"«'«^*>cum«iH8«rBll«0dintt» oontlra»tJon of bo« C. 
! '^pmlcrtwiwolet^ddoeumw**: 



R«l*vant to daim ^ 

1-5.8 

9,10 

1.2.4.5. 
8 

13.14. 
16-18 

9.10,13. 
14,16-18 



1.2.4-6. 
8 



e<»»KI«(»dlob«o«p«iiteutorr*«v.nc« 

^^^'^^^■•^Prtortothainlamatfonaj nmo date but 
later man ma prtoftyctaladaim^d 'n»o«»DW 



Oaia of ma aduai compMlon of tf)a mtamational Mareh 

24 February 2000 



T- talardoamwTipubHahad attar ma intamauonat flUrn data 
or priority data and not in connww** ma app««tenbu 
cjedto unoarwand m. pcincipla or maory !S5ai?{IS3 SI 

an invafttva stap whan tt^ documani o taxan alona 

*l!2I2'l**l£!l!2**'~'*''*^'»'*<^'*'^ invasion 

«Sr?Jl!25!]^JT? Of ™» oth«w such docu- 
JirSTaJ^ compinauon bamg obvioua to a paraon skiliad 

oogjnant mambar of tha sama paiam famity 



Nama and mailing addraaa ol tha tSA 

Tat (♦31-70) 340-2040, Tx. 31 651 apo nl 
Fajc<*3l-70) 340-3018 



Data of mailing of tha Inianwnooal aaarch wpon 

03/03/2000 



Authortzad officar 



Schouten. A 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



! C^ComHw.«»ion» OQCUMeWTS CONSPERED TO B6 



»nt ttonti AppUcstloA No 

PCT/GB 99/04247- 



Citation 01 ODcunwnt.v 



■Pprapnato. of dm raievam 



passages 



US 3 191 677 A (H.M. KINLEY) 
29 June 1965 (1965-06-29) 
claim 1; figure 7 

lis 3 167 122 A (H.M. LANG) 
26 January 1965 (1965-01-26) 
column 2, line 17-25; figures 2 3 



FomPCT/ISAOlOO 



Ralavani to ctann No. 



1.2.4.5. 
8 



1.2.4.5. 
8 



page 2 of 2 



INTERNATIONAL SEARCH 



REPORT 




US 5014779 



14-05-1991 



US 3785193 
US 2627891 



15-01-1974 
10-02-1953 



US 2214226 



CA 
WO 
AU 
AU 
OE 
EP 
NO 

NONE 

NONE 



1322151 A 
9005831 A 
621350 B 
3189889 A 
3887905 0 
0397875 A 
174637 B 



US 3191677 
US 3167122 



A 

A 
A 



10-09-1940^ NONE 

--t^liffL """none' 

26-01-1965 



14-09-1993 
31-05-1990 
12-03-1992 
12-06-1990 
24-03-1994 
22-11-1990 
28-02-1993 



NONE 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR STOES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^^'LINES or MARKS ON ORIGINAL DOCUMENT 
/C^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



